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(54) External resonator type of variable-wavelength semiconductor laser light source 



(57) An external resonator type variable-wave- 
length LD light source which can compensate errors of 
a change in an oscillation wavelength caused by a 
change in an LD driving current, a change in the oscil- 
lation wavelength caused by a change in a temperature 
of an entire light source unit, a difference between set 
and actual wavelengths caused by mechanical factors 
to thereby ensure a wavelength reproducibility of 0.001 
nm even when the LD driving current or operational tem- 
perature varies. The light source includes a light source 
unit temperature detection member for detecting a tem- 
perature of an entire semiconductor laser light source 



unit; a storage unit for storing therein oscillation wave- 
length changes of the semiconductor laser light source 
unit on the basis of a change in a driving current to the 
semiconductor laser, of a change in the temperature of 
the entire semiconductor laser light source unit detected 
by the light source unit temperature detection member, 
and of a change in an encoder output value measured 
by an encoder; and a wavelength change compensation 
member for compensating a change of the oscillation 
wavelength of the semiconductor laser light source unit 
on the basis ol the oscillation wavelength changes 
stored in the storage unit. 
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Des ripti n 



BACKGROUND OF THE INVENTION 
s Field of the Invention 

The present invention relates to an external resonator type of a variable-wavelength semiconductor laser light 
source for use in coherent light communication/measurement technique fields. 



10 Description of the Related Art 

In coherent light communication/measurement techniques, a semiconductor laser (referred to as the LD, herein- 
after) light source of a single mode oscillation type which can change its wavelength in a wide range and have a narrow 
spectral line width and a good set-wavelength accuracy has been demanded. 
is In specifications of such a light source, there has been demanded in the market a light source which can have a 

variable width of 100 nm, a wavelength setting resolution of 0.001 nm and a wave reproducibility of 0.001 nm and also 
which can be operated with a constant light output 

Such LD light sources of the single mode oscillation type capable of changing the wavelength in a wide rage as 
mentioned above generally include an LD light source of an external resonator type which uses a diffraction grating. 
20 The operation of oscillation wavelength of an external resonator type of LD light source using a diffraction grating 

will b explained briefly, as follows. 

The oscillation wavelength of the LD light source is given by the following relational equations (1) and (2). The 
light from the LD light source oscillates with a resonating wavelength which is in the vicinity of the Bragg wavelength 
^ leading to a small mirror loss. 

25 

X M = 2xnxL7M (1) 

3Q X b = 2 x d x sin(e)/m (2) 

wh re 



X^, is the resonance wavelength in the external resonator, 
35 M is the longitudinal mode (integer) in the external resonator, 

L is the length of the external resonator, 

n is the refractive index of the external resonator, 
is a Bragg wavelength, 

d is a spacing between grooves in the diffraction grating (grating constant), 
40 9 is an incident angle to the diffraction grating (Littrow mounting), and 

m is an order of reflected light of diffraction grating (usually, m = 1 ) 

Therefore, in an LD light source using a diffraction grating, the resonance wavelength can be changed by 
changing the Bragg wavelength Xb to vary M. That is, the wavelength can be changed in a wide range by changing 
45 the incident angle 6 to the diffraction grating with allowing mode hop. In order to change the wavelength successively 
without causing mode hop, the length of the external resonator L may be changed so that the longitudinal mode M is 
always constant corresponding to the incident angle 6 to the diffraction grating. For example, a sine bar mechanism 
is adopted for this purpose. The principle thereof will be explained briefly with reference to FIG. 9, as follows. 

In FIG. 9, an LD 1 and a diffraction grating 2 form a Fabry-Perrot resonator. The resonance wavelength X M thereof 
in the equation (1) is expressed as follows. 

>^ » 2 x n x L/M 

55 

= 2 x L A x sin(6)/M ••• (3) 
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where 

L A is the length of an arm (sine bar). 
Accordingly, the difference between the wavelengths Xm and ^ is as follows. 



X M - \ = 2 x sin(6) x {(L A /M) - (d/m)} 



(4) 



Therefore, when the light source is designed to satisfy a condition (L A /M) = (d/m), the wavelength shift can be set 
at zero regardless of the rotational angle 2 of the diffraction grating 2. 
10 Thus the wavelength can be continuously changed without the mode hop. 

FIG 10 is an exemplary arrangement of a prior art external resonator type variable-wavelength LD light source. 
First an LDunit4 includes, as shown in FIG. 11 , a Fabry-Perrot type LD 1 coated on its one end face with an anti- 
reflection film (referred to as the AR coating, hereinafter) 1 a, lenses 5 and 6, and an optical isolator 7. Further mounted 
to the LD unit 4 are a temperature detecting element 8 and a Peltier element 9, both of which are controlled with respect 
is to temperature by a temperature adjustment circuit (referred to as the ATC circuit, hereinafter) 1 0. 

In the illustrated example, light going from an end face side of the AR coating 1a of the LD 1 is changed by the 
lens 5 to parallel or collimated light. The lens 5 comprises preferably a non-spherical lens or a combined or composite 
lens having a small liquid-level aberration. 

An LD end face 1 b not having the AR coating 1a applied thereon as well as the diffraction grating 2 as an external 

20 reflecting mirror form an external resonator. 

The diffraction grating 2 is mounted to a rotary mechanism 11 and to one end of an arm (sine bar) 3, and the arm 
3 abuts at the other end against an end face of a parallel moving mechanism 12. 

The parallel moving mechanism 12, which has the LD unit 4 fixedly mounted thereto, is arranged to be moved in 
parallel with directions shown by arrows X. Provided in the vicinity of the parallel moving mechanism 1 2 is a switch 1 3 
25 as a position detecting means. 

A motor unit 14 as a driver unit includes a motor and an encoder, the motor being driven according to a pulse 

signal received from a control unit 15. 

The aforementioned LD unit 4, diffraction grating 2, rotary mechanism 11, arm 3, parallel moving mechanism 12, 
switch 1 3 and motor unit 1 4 are mounted on an optical system base 1 6. 
30 The LD 1 is driven by an LD driving current Iuj received from an LD driver circuit 17. 

A beam splitter 18 is an optical device which acts to pass therethrough part of output light P D emitted from a 
variable-wavelength LD light source unit 19 as output light P Q1 and to reflect part of the remaining output light P Q as 

output light P 02 - . ... ,, 

Further, a PD unit 20 receives the reflected light P02, converts it to a voltage value vp^). and outputs the voltage 

35 value to the LD driver circuit 17. ■ „t,~i .h«> 

Since the voltage value VfPoz) received from the PD unit 20 is fed back to the LD driver circuit 1 7 to control the 
LD driving current Ild, constant light output operation can be realized. 

When the constant light output operation is not carried out, on the contrary, it is also possible to control the LD driving 
current 1^ with use of a signal l SET received from the control unit 1 5. 
40 Explanation will next be made as to how to set wavelength in FIG. 1 0. 

First when power is supplied to the respective sections of the system, a pulse signal generated from the control 
unit 15 so that the motor of the motor unit 14 is driven to move the parallel moving mechanism 12 in parallel and to 
rotate the rotary mechanism 11 through the arm 3. 

When the parallel moving mechanism 12 reaches a certain position, the switch 13 is turned ON. The position at 
«s which the switch 1 3 is turned ON, is assumed to be an origin position. When the switch 1 3 is turned ON, the switch 
outputs an origin detecting signal S G . The control unit 1 5, when recognizing the origin detecting signal S G , stops the 
output of the pulse signal to stop the motor. At the same time, the controller outputs a reset signal FL, to reset the 
encoder of the motor unit 14. The then oscillation wavelength is measured by a wavelength meter and a measured 
value Xo is assumed to be an origin wavelength Xq. After this, the wavelength Xq is set at the origin position. 
so when the wavelength is varied, it is relatively changed with the respect to Xq as a reference. 

That is the control unit 1 5 calculates a difference between a set wavelength X^ (referred toas the set wavelength, 
her inafterj and the origin wavelength Xq, and outputs to the motor of the motor unit 14 a pulse for causing the parallel 
moving mechanism 1 2 to be moved to a position corresponding to the set wavelength X^. 

Furth r the encoder of th motor unit 1 4 outputs always to the control unit 1 5 a signal S indicative of the movem nt 
ss amount of the parallel moving mechanism 1 2 moved by the motor, and the control unit 1 5 can recogniz the curr nt 
set wavelength based on the signal S. 

In FIG. 10. the afor mentioned sin bar mechanism is employed so that the parall I mov ment of the parall I 
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moving m chanism 1 2 in the arrow X direction causes change of th rotational angle 2 of the diffraction grating 2 and 
at the same time, as seen from the above equation (3), adjustment of the external resonator lengthL in response to a 
change in 2 realizes continuous variable wavelength without mode hop. 

In the prior art external resonator type variable-wavelength LD light source, however, the oscillationwavelength 
varies due to the following reasons and thus the wavelength reproducibility is deteriorated. 

In this connection, an error AX MA is expressed as follows. 

AX MA = AX M (T 0 ) + A\ M (I LD ) + AX M (S) (5) 

where, AXm(T 0 ) is a change in the oscillation wavelength caused by thermal expansion involved by a temperature 
change in the entire light source unit, A>^(I LD ) is a change in the oscillation wavelength caused by a change in the LD 
driving current, and AX M (S) is a shift of an actual oscillation wavelength from the set wavelength (encoder output value), 
caused by mechanical factors. 

First one of the error causes is expressed by AA^o). In the prior art variable-wavelength LD light source, the 
wavelength accuracy and wavelength reproducibility are guaranteed only at a constant temperature (e.g., 25oC), so 
that the thermal expansion and refractive index change caused by the temperature change of the entire light source 
unit cause change of n n" and n L n in the afore-mentioned equation (1 ), thus changing the oscillation wavelength l^. 

Assuming that a change in the external resonator length is denoted by A(n x L), then AX M (T 0 ) is expressed, as 
follows, from the afore-mentioned equation (1). 

a *-m( t o> = i V< n x L » x A < n x L > (6) 

In this case, in the variable-wavelength LD light source unit 1 9 shown in FIG. 10, mechanical parts are made of 
mainly invar material having a low thermal expansion coefficient, but the motor of the motor unit 14, diffraction grating 
2, lenses 5 and 6, LD 1, etc. are made of stainless steel, glass, quartz, etc. respectively 

In case that the thermal expansion coefficient of the external resonator including its refractive index change is 
about 5 x 10" 6 and "n x L" in the above equation (1) is 30 mm when the variable-wavelengthLD light source unit 19 is 
designed by using the above-described mechanical parts, "n x L M varies with a rate of 0.15 u.m/°C. 

When the light source is used at a temperature in the range of 25±5°C, A(n x L) * 1 .5 urn. Hence, if ^= 1550 nm, 
then the wavelength varies by AX^O^) - 0.07 nm in accordance with the afore-mentioned equation (6). 

Second one of the error causes comes from AX^Ald) in the afore-mentioned equation (5), which results from a 
change in the LD driving current. 

Assuming now that a rate of change of oscillation wavelength to the change of the LD driving current is denoted 
by dA^dl^ and a change in the LD driving current is denoted by Al^, then AA m (Ild) is written as follows. 

AMW=< d V d W xAI LD < 7 > 

As a specific value for the rate of change of the oscillation wavelength to the LD driving current change, for example, 
d W dl LD was about 2 pm/mA as an actually measured value of a DFB single laser. 

The afore-mentioned equation (1) is rewritten with use of parameters in FIG. 12, as follows. 

X M =2x(n 0 xL 0+ n LD x L LD )/M (8) 

where n 0 is the refractive index (= 1) of air, n LD is the refractive index of the LD, Lo is n L - L^" in FIG. 12, and L^ is 
the physical length of the LD. 

In the case where dX^dlLn for the above single laser is considered as the external resonator type LD light source, 
if Lld= 300 pm, n^ = 3.54, L = 30mm, n 0 = 1 and Xm = 1550 nm, then dA^LD = °- 07 P m/mA in accordance with the 
above equations (1 ) and (8). 

Assume now that the LD driving curr nt is constant and the oscillation wavelength was changed by 100 nm. Then 
an optical output P 0 is changed by about 1 mWfrom 4 mW as shown in FIG. 13 due to .e.g., wavelength. 

In order to make the optical output constant it is necessary to change the LD driving current as shown in FIG. 14. 
A relationship between P 0 and l,^ is as shown in FIG. 15, that is: 
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APq/AIld = 0.1 mW/mA (9) 



Wher AP 0 d notes an optical output change. Since AP 0 ~ 3mW, AIq, = 30 mA. 
s Hence the wavelength is changed by AIudOld) = 2 pm in accordance with the above equation (7). 

Third one of the error causes is AXm(S) in the above equation (5), which is generated, in such an arrangement as 
shown in FIG. 10, by mechanical factors when the parallel moving mechanism 12 and rotary mechanism 11 are finely 
moved by the motor of the motor unit 14 to change the oscillation wavelength. 

Theoretically, as shown by a dotted line in FIG. 16, the set wavelength corresponding to the output value of 
io the encoder of the motor unit 1 4 and its actual oscillation wavelength vary proportionally in a 1 :1 relationship; but they 
actually vary as shown by a solid line in FIG. 16. 

The above-described 3 errors cause deterioration of the wavelength reproducibility. When the deterioration of the 
wavelength accuracy is taken into account, it becomes necessary, in addition to the above 3 errors, to take into con- 
sideration the error of corresponding to the origin at the time of turning ON the power supply. 
is with regard to Xq, mechanical factors cause an random error in the external resonator length L in the equation (1 ). 

Assuming now that a change in the external resonator length is denoted by AL and an origin wavelength error is 
denoted by AXq, then the following equation is satisfied in accordance with the equation (1). 



A\ G = ( X 0 /L) x AL 



(10) 



When Xq = 1550 nm, L = 30 mm and the random error AL = 1 u.m, AX© = 0.05 nm in accordance with the equation 
(10). 

In this case, an error of about 0.05 nm takes place for all the oscillation wavelengths 7^. 
25 However, this error is not reproducible so that, if compensation is required, then it is necessary to re-measure the 

origin wavelength Xq each time the power supply is turned ON with use of a wavelength meter. 

This may allow compensation of an error in the wavelength accuracy, but this also involves a large-scale light 
sourcewith high costs, which is not practical. 

30 SUMMARY OF THE INVENTION 

The present invention was developed in view of these problems. It is therefore an object of the present invention 
to provide an external resonator type variable-wavelength LD light source which can issue a constant optical output 
with a variable LD driving current, can ensure a wavelength reproducibility of 0.001 nm even when the LD driving 
35 current or operational temperature varies, can vary its oscillation wavelength continuously, and can be made low in 
cost and small in size. 

In order to solve the above object, in accordance with an aspect of the invention, the external resonator type 
variable-wavelength LD light source comprises: a light source unit temperature detection member for detecting a tem- 
perature of an entire semiconductor laser light source unit; a storage unit for storing therein oscillation wavelength 

40 changes of the semiconductor laser light source unit on the basis of a change in a driving current to the semiconductor 
laser of a change in the temperature of the entire semiconductor laser light source unit detected by the light source 
unit temperature detection member, and of a change in an encoder output value measured by an encoder, and a 
wavelength change compensation member for compensating a change of the oscillation wavelength of the semicon- 
ductor laser light source unit on the basis of the oscillation wavelength changes stored in the storage unit. 

45 In this case the entire light source unit temperature detection member may comprise a temperature detecting 

element or any device so long as it has a function of detecting the temperature of the entire variable-wavelength LD 

light source unit. . . 

Further, the storage unit may comprise an ordinary storage unit so long as it can store therein predetermined 
information. Furthermore, the oscillation wavelength change compensation member may comprise any device having 
50 any structure, so long as it has a function of eventually compensating a change in the oscillation wavelength of the 
variable-wavelength LD light source unit on the basis of the change of the oscillation wavelength stored in the storage 

Unit As described above, since the invention is directed to the external resonator type variable-wavelength LD light 
sourc for compensating the chang of the oscillation wav I ngth of the variable-wavel ngth LD light source unit by 
55 means of th oscillation wavel ngth change comp nsation m mb r on the basis of the change of the oscillation wave- 
length of th variabl -wav length LD light sourc unit with respect to the change of th ncoder output value; th 
ext rnal r sonator typ variabl -wav length LD light source can compensate errors of the change in the oscillation 
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wavelength caused by the change in the LD driving current, the change in the oscillation wavelength caused by the 
change in the temperature of the entire light source unit, a difference between the set and actual wavelengths caused 
by mechanical factors to thereby ensure a wavelength reproducibility of 0.001 nm even when the LD driving current 
or operational temperature varies. 
s In addition, the wavelength can be varied continuously, and the light source can be made low in cost and small in 

size. 

In accordance with another aspect of the present invention, the external resonator type variable-wavelength LD 
light source comprises: a semiconductor laser unit including a semiconductor laser having a non-reflection film applied 
on its one end face, a temperature detecting element for measuring a temperature of the semiconductor laser and a 

10 Peltier element for changing the temperature of the semiconductor laser; a diffraction grating for forming a resonator 
together with the other end face of the semiconductor laser of the semiconductor laser unit having the non-reflection 
film not applied thereon; a sine bar mechanism having the diffraction grating mounted thereto for changing an incident 
angle of light emitted from the semiconductor laser to the diffraction grating; a parallel moving mechanism having the 
semiconductor laser unit mounted thereon and provided as contacted with the sine bar; a driver unit having a motor 

is for finely driving the parallel moving mechan ism and an encoder for measuring rotation of the motor; a position detecting 
member for detecting a position of the parallel moving mechanism; a temperature adjustment circuit for controlling a 
temperature of the semiconductor laser unit; and a semiconductor laser driving circuit for driving the semiconductor 
laser; a light source unit temperature detection member for detecting a temperature of an entire light source unit, the 
light source unit including the semiconductor laser unit, diffraction grating, sine bar mechanism, parallel moving rnech- 

20 anism, driver unit, and position detecting member; a storage unit for storing therein oscillation wavelength changes of 
the semiconductor laser light source unit on the basis of a change in a driving current to the semiconductor laser, of a 
chang in the temperature of the entire semiconductor laser light source unit detected by the light source unit temper- 
ature detection member, and of a change in an encoder output value measured by an encoder; and a wavelength 
change compensation member for compensating a change of the oscillation wavelength of the semiconductor laser 

2S light source unit on the basis of the oscillation wavelength changes stored in the storage unit. 

The oscillation wavelength change compensation by the oscillation wavelength change compensation member 
may be carried out by controlling the ATC circuit under control of a controller to thereby change the temperature of the 
LD unit. 

According to the external resonator type variable-wavelength LD light source having such a member, since the 
30 oscillation wavelength change compensation member in the LD light source controls the ATC circuit under control of 
the controller to thereby change the temperature of the LD unit and to compensate the change of the oscillation wave- 
length of the variable-wavelength LD light source unit the external resonator type variable-wavelength LD light source 
can compensate errors of the change in the oscillation wavelength caused by the change in the LD driving current, the 
change in the oscillation wavelength caused by the change in the temperature of the entire light source unit, and a 
3S difference between the set and actual wavelengths caused by mechanical factors to thereby ensure a wavelength 
reproducibility of, e.g., 0.001 nm even when the LD driving current or operational temperature varies, can vary the 
wavelength continuously, and can make its costs low and its size small. 

The oscillation wavelength change compensation by the oscillation wavelength change compensation member 
may be carried out by controlling driving of the motor under control of a controller to thereby move the parallel moving 
40 mechanism finely. 

According to the external resonator type variable-wavelength LD light source having such a member, since the 
oscillation wavelength change compensation member in the LD light source controls driving of the motor under control 
of a controller to thereby move the parallel moving mechanism finely and to compensate the change of the oscillation 
wavelength of the variable-wavelength LD light source unit, the external resonator type variable-wavelength LD light 

45 source can compensate errors of the change in the oscillation wavelength caused by the change in the LD driving 
current, the change in the oscillation wavelength caused by the change in the temperature of the entire light source 
unit, a difference between the set and actual wavelengths caused by mechanical factors, can ensure a wavelength 
reproducibility of 0.001 nm even when the LD driving current or operational temperature varies, can vary the wavelength 
continuously, and can make its costs low and its size small. 

so Prelerably, the external resonator type variable-wavelength semiconductor laser light source further comprises a 

piezo element (referred to as the PZT, hereinafter) for finely moving the parallel moving mechanism by driving the 
motor, and in that the oscillation wavelength change compensation member controls driving of the motor under control 
of the controller to drive the PZT and to move the parallel moving mechanism finely. 

According to the xternal resonator type variabl -wavelength LD light source having such a structur , since the 

55 LD light source further compris s the PZT for finely moving the parallel moving mechanism by driving th motor and 
in that the oscillation wavelength change compensation member controls driving of the motor under control of the 
controller to drive the PZT and to move the parallel moving mechanism finely to thereby correct the change of the 
oscillation wavelength of th variable-wavelength LD light source unit, the external resonator typ variable-wavelength 
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LD light source can compensate, errors of the change in the oscillation wav length caused by th change in the LD 
driving current, the change in the oscillation wav length caused by the change in the temperature of the entire light 
source unit, a difference between the set and actual wavelengths caused by mechanical factors, can ensure a wave- 
length reproducibility of 0.001 nm even when the LD driving current or operational temperature varies, can vary the 
s wavelength continuously, and can make its costs low and its size small. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from the detailed description given hereinbelow and the 
io accompanying drawings which are given by way of illustration only, and thus are not intended as a definition of the 
limits of the present invention, and wherein; 

FIG. 1 is a block diagram showing an external resonator type of variable-wave lengthLD light source according to 
a first embodiment of the present invention; 
is FIG. 2 is a block diagram showing a measurement system for making a translation table for compensating the 

change of oscillation wavelength; 

FIG. 3 is a translation table which is stored in the storage unit in FIG. 1 ; 

FIG. 4 is a block diagram showing an external resonator type of variable-wavelength LD light source according to 
a second embodiment of the present invention; 
20 FIG. 5 is a translation table which is stored in the storage unit in FIG. 4; 

FIG. 6 is a block diagram showing an external resonator type of variable-wavelength LD light source according to 
a third embodiment of the present invention; 

FIG. 7 is a block diagram showing an external resonator type of variable-wavelength LD light source according to 
a fourth embodiment of the present invention; 
2S FIG. 8 is a translation table which is stored in the storage unit in FIG. 7; 

FIG. 9 is an explanation view of an external resonator type of variable-wavelength semiconductor LD source using 
a sine bar mechanism; 

FIG. 1 0 is a block diagram showing an example of conventional external resonator type of vanable-wavelengthLD 
light source; 

30 FIG. 1 1 is a view showing a construction of the LD unit; 

FIG. 1 2 is a view showing a partial construction of an external resonator type of variable-wavelength semiconductor 
LD source using a conventional diffraction grating; 

FIG 13 is a graph showing the relationship between the wavelength and the optical output of a conventional 
external resonator type of variable-wavelength LD light source when the LD driving current is constant and the 
35 wavelength is variable; 

FIG 14 is a graph showing the relationship between the wavelength and the driving current of a conventional 
external resonator type of variable-wavelength LD light source when the optical output is constant and the wave- 
length is variable; 

FIG. 15 is a graph showing the relationship between the driving current and the optical output of the LD in a 
40 conventional external resonator type of variable-wavelength LD light source; and 

FIG. 1 6 is a graph showing the relationship between the set wavelength and the actual wavelength in a conventional 
external resonator type of variable-wavelength LD light source. 
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PREFERRED EMBODIMENT OF THE INVENTION 

Embodiments of the external resonator type variable-wavelength LD light source in accordance with the present 
invention will be explained with reference to FIGS. 1 to 8. 

First Embodiment: 

First of all, FIG. 1 shows an arrangement of an external resonator type variable-wavelength LD light source 21 in 
accordance with the first embodiment of the present invention. In FIG. 1 , parts having the same functions as those in 
FIG. 10 are denoted by the same reference numerals, and explanation therefor is omitted. 

In the first mbodiment, as shown in FIG. 1 , a temperatur detecting lement 25 and a storag unit 26 ar newly 

55 provided. . 

More in detail, th temperature det cting elem nt 25 as a m ans for detecting a temperature of the ntire light 
source unit detects a temperatu re of the optical system base 1 4, that is, a temperature of the entire variable-wavelength 
LD light source unit 1 9 as a detected temperature T Q , and outputs the det ct d temperatur to the control unit 15. 
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The storage unit 26 stores therein the temperature T G of the variable-wav lengthLD light source unit 19, the LD 
driving current Ilq and a wavelength compensation value based on the encoder output value S. 

Explanation will next be made as to how to compensate the deterioration of the wavelength reproducibility caused 
by the errors of a change in the oscillation wavelength caused by a change in the LD driving current, a change in the 
oscillation wavelength caused by a change in the temperature of the entire variable-wavelength LD light source unit 
19, a difference between the set and actual wavelengths caused by mechanical factors in FIG. 1. 

First, in such a measurement system having a personal computer 27 and a wavelength meter 28 as shown in FIG. 
2, the oscillation wavelength is measured under conditions of the constant temperature and constant LD driving current 
to prepare such a conversion table as shown in FIG. 3, and then stored in the storage unit 26 in FIG. 1. 

When the control unit 1 5 controls the motor of the motor unit 14 in such a manner that the encoder output S has 
a value corresponding to a set wavelength in the conversion table of FIG. 3, the error caused by the difference between 
the set and actual oscillation wavelengths resulting from the mechanical factors can be compensated. 

If a wavelength setting resolution by the motor is 0.001 nm, then errors with respect to the oscillation wavelengths 
for the respective set wavelengths can be all suppressed to within 0.001 nm. 

The control unit15 reads the LD driving current LD driving current l LD and the temperature of T G of the entire 
variable-wavelength LD light source unit 19, and calculates a change A\n in the oscillation wavelength caused by the 
change of the LD driving current and by the change of the temperature of the entire variable-wavelength LD light source 
unit 19. 

The change AX^ of the oscillation wavelength is a value to be compensated. 

The control unit 15 outputs the value AX^ to be compensated to the variable-wavelengthLD light source unit 1 9 to 
compensate the change of the oscillation wavelength. 

In this case, since the errors resulting from the differences between the set and actual oscillation wavelengths 
caused by the mechanical factors are already corrected in the conversion table of the storage unit 26, A7^ is expressed 
by an equation (11 ) which follows. 

aX m = (dV dl L D ) x a, ld + ( d V dT o> * AT o < 1 1 > 

wh re, AI LD is a change in the LD driving current, AT Q is a change in the temperature of the entire light source unit, 
d^/dlLQ is a rate of change of oscillation wavelength caused by the change of the LD driving current, and dX^/dTo is 
a rate of change of the oscillation wavelength caused by the change of the temperature of the entire light source unit. 

A term (dA^/dl,^) x AI LD in the equation (11) corresponds to the change of the oscillation wavelength caused by 
the change of the LD driving current, and a term (dA^dTo) x AT Q corresponds to the change of the oscillation wave- 
length caused by the change of the temperature of the entire variable- wave length LD light source unit 19. 

As has been explained above, an oscillation wavelength change compensating means is formed for controlling 
the variable-wavelength LD light source unit 19 including the motor unit 14 under control of the control unit 15 on the 
basis of the stored information of the optical system base 14. 

Second Embodiment: 

Explanation will next be made as to the second embodiment of the external resonator type variable-wavelength 
LD light source in accordance with the present invention. 

Shown in FIG. 4 is an arrangement of an external resonator type variable-wavelength LD light source unit 22 in 
accordance with the second embodiment of the present invention. In FIG. 4, parts having the same functions as those 
in the first embodiment of FIG. 1 are denoted by the same reference numerals, and explanation thereof is omitted. 

Explanation will next be made as to a specific means for compensating the deterioration of the wavelength repro- 
ducibility caused by the errors of a change in the oscillation wavelength caused by a change in the LD driving current, 
a change in the oscillation wavelength caused by a change in the temperature of the entire variable-wavelength LD 
light source unit 1 9, a difference between the set and actual wavelengths caused by mechanical factors in FIG. 4. 

When assuming first that the errors caused by the differences between the set and actual oscillation wavelengths 
caused by the mechanical factors are already corrected in the conversion table of the storage unit 26, the control unit 
15 reads the LD driving current LD driving current Ild and the temperature of T Q of the entire variable-wavelength LD 
light source unit 19, and calculates a change AA^ in the oscillation wavelength. Next, the controller calculates a value 
AT LQ for compensation of th change AX^ of the oscillation wavelength and outputs V(ATld) corresponding to a voltage 
conversion thereof to th ATC circuit 10. As a result, since the temp ratur of the LD 1 can be compensated through 
the ATC circuit 10 to compensate the refractive index of the LD 1, the change of the oscillation wavelength can be 
comp nsat d. 
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When the afor m ntioned equations (8) and (11) ar considered, the following relationship is satisfied. 



AX M = (d V dl LD) x AI LD + < n o x axL o x V L > x AT 0 



(12) 



where, a is a thermal expansion coefficient of the optical system base. 

In actual situations, in such a measurement system as shown in FIG. 2, d^M^ in the equation (1 2) is previously 
calculated by stopping the motor and measuring the LD driving current l LD and the oscillation wavelength ^ with the 
constant LD driving current. 

The term (noX a x LqX X^/L) in the equation (12) corresponds to the term d^/dl D in the equation (11), and is 
previously calculated, in such a measurement system as shown in FIG. 2, by stopping the motor and measuring the 
T c of the entire variable-wavelength LD light source unit 1 9 and the oscillation wavelength with the constant LD 
driving current. 

Assuming that a change in the oscillation wavelength caused by a change in the relractive index of the LD is 
denoted by AX^n^), then the following equation is satisfied. 



where, An^ is a compensation of the refractive index of the LD, ATld is a compensation of the temperature of the LD, 
and dnLo/dTuD is a change in the refractive index of the LD caused by the change of the LD temperature. 

That is, since the change of the oscillation wavelength is corrected by changing the temperature of the LD1, this 
can be realized by finding such AT^ as to make equal the right sides of the equations (12) and (13). 

In practice, in such a measurement system as shown in FIG. 2 in the first embodiment, the temperature of the 
entire variable- wavelength LD light source unit 1 9 is made constant, the LD driving current is made constant and the 
motor of the motor unit 14 is stopped, AT LD and AX^n,^) are actually measured to prepare such a conversion table 
as shown in FIG. 5, and stored in the storage unit 26 of FIG. 4, and then compensation is made based on the conversion 
table of FIG. 5. 

Assuming now that, with respect to the compensation accuracy, = 1550 nm and n LD = 3.54, then dn^d^ - 
0.23 x 10-3 when L = 30 mm, L^ = 300 u.m and n Q = 1 ; the above equation (13) is rewritten as follows. 



That is, by controlling the ATC circuit 1 0 in FIG. 4 with a resolution of 0. 1 °C, the change of the oscillation wavelength 
can be compensated with an accuracy of about 0.3 pm in accordance with the equation (14). 

By the above-mentioned method, even when the LD driving current or operational temperature varies, a wavelength 
reproducibility of 0.001 nm can be ensured. 

As has been mentioned above, an oscillation wavelength change compensating means is formed for controlling 
the ATC circuit 1 0 under control of the control unit 1 5 based on the stored information of the storage unit 26 to thereby 
change the temperature of the LD unit 4. 

Third Embodiment: 

Explanation will then be made as to the third embodiment of the external resonator type variable-wavelength LD 
light source in accordance with the present invention. 

FIG. 6 shows an arrangement of an external resonator type variable-wavelength LD light source unit 23 in the third 
embodiment of the present invention. In FIG. 6, parts having the same functions as those in the first embodiment of 
FIG. 1 are denoted by the same reference numerals, and explanation thereof is omitted. 

Explanation will next be made as to a specific means for compensating the deterioration of the wavelength repro- 
ducibility caused by the errors of a change in the oscillation wavelength caused by a change in the LD driving current, 
a change in the oscillation wavelength caused by a change in the temperature of the entire variable-wavelength LD 
light source unit 19, a difference between the set and actual wavelengths caused by mechanical factors in FIG. 6. 

When assuming first that the errors caused by the differences between the set and actual oscillation wavelengths 
caused by th mechanical factors are already corrected in the conv rsion tabl ofthestorag unit 26, th control unit 
15 reads th LD driving current LD driving curr nt I ld and the temperature of T Q of th entir variabl -wavelength LD 
light source unit 1 9, and calculates a change Ak^ in the oscillation wav I ngth. 



^M( n LD>= ( dn LI3 /cfr LD) X AT LD X L LD X V< n O X L Q + n LD X L LD> 



(13) 



^ M ( n LD) :=3 - 5xl0 " 12xAT l 



LD 



(14) 
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Next, the parallel moving mechanism 1 2 is finely moved by the motor of the motor unit 1 4, and the motor is controlled 
so that the encoder output value b comes S+ AX^/fdA^/dS) to compensate the change of the oscillation wavelength. 

Where, dX^dS is a rate of change of the oscillation wavelength caused by a change of the encoder output value. 
With respect to the compensation accuracy, when the resolution of the wavelength setting by the motor of the motor 
unit 14 in FIG. 6 is 0.001 nm, the change of the oscillation wavelength can be compensated with an accuracy of 0.001 
nm. 

By the above-mentionedcompensating method, even when the LD driving current or operational temperature var- 
ies, a wavelength reproducibility of 0.001 nm can be ensured. 

As mentioned above, an oscillation wavelength change compensating means is formed for controlling the parallel 
moving mechanism 12 based on the motor under control of the control unit 15 based on the stored information of the 
storage unit 26. 

Fourth Embodiment: 

Explanation will next be made as to the fourth embodiment of the external resonator type variable-wavelength LD 
light source in accordance with the present invention. 

FIG. 7 shows an arrangement of an external resonator type variable-wavelength LD light source unit 24 in accord- 
ance with the fourth embodiment of the present invention. In FIG. 7, parts having the same functions as those in the 
first embodiment of FIG. 1 are denoted by the same reference numerals, and explanation thereof is omitted. 

First, in the fourth embodiment, a PZT 29 is newly provided as shown in FIG. 7. The PZT 29 can finely move the 
parallel moving mechanism 1 2. 

Explanation will next be made as to a specific means for compensating the deterioration of the wavelength repro- 
ducibility caused by the errors of a change in the oscillation wavelength caused by a change in the LD driving current, 
a change in the oscillation wavelength caused by a change in the temperature of the entire variable-wavelength LD 
light source unit 19, a difference between the set and actual wavelengths caused by mechanical factors in FIG. 7. 

When assuming first that the errors caused by the differences between the set and actual oscillation wavelengths 
caused by the mechanical factors are already corrected in the conversion table of the storage unit 26, the control unit 
15 reads the LD driving current LD driving current and the temperature of T 0 of the entire variable-wavelength LD 
light source unit 19, and calculates a change AA^ in the oscillation wavelength. 

Next, the control unit 1 5 calculates a value AL P2T for compensation of the change A^ of the oscillation wavelength 
in accordance with the equation (8), controls the motor the motor unit 14, and finely moves the parallel moving mech- 
anism 12 through the PZT 29 to compensate the change of the oscillation wavelength. 
In this case, AAm is expressed by the equation (12) as in FIG. 6 of the third embodiment. 

When the a change in the oscillation wavelength caused by the compensation of Lq of the above means is denoted 
by AX^(L prr )» the following relationship is satisfied. 

AJ W L PZt) = ( n O X AL PZT> X V< n O X L 0 + n LD X L LD> ( 17 > 

where, AL P2X is a compensation of Lq by PZT. 

Therefore, this can be realized by finding such a AL PZT as to make equal the right sides of the equations (1 2) and 
(17). 

In practice, in such a measurement system as shown in FIG. 2, the temperature of the entire variable-wavelength 
LD light source unit 1 9 is made constant and the LD driving current is made constant, AL P2T and A>- M (L PZT ) are actually 
measured to prepare such a conversion table as shown in FIG. 8, and stored in the storage unit 26 of FIG. 7, and then 
compensation is made based on the conversion table of FIG. 8. 

Assuming now that, with respect to the compensation accuracy, X M = 1550 nm, L = 30 mm, L^ 300 um, no= 1 
and n|_D= 3.54; then the above equation (17) is rewritten as follows. 

a V l pzt)^ 5x10 ' 5xAL pzt ( 18 > 

That is, when the PZT 29 in FIG. 7 has a resolution of 10 nm/100 mV, the change of the oscillation wavelength 
can b compensated with an accuracy of about 0.5 pm. 

By the aforem ntion d method, even when the LD driving current or operational temperature varies, a wav length 
r producibility of 0.001 nm can b ensured. 

As mentioned abov , an oscillation wavelength chang compensating means is formed for controlling the parallel 
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moving mechanism 1 2 based on the motor through the PZT 29 under control of th control unit 1 5 on th basis of th 
stored information of the storage unit 26. 

Although the switch has been used as the position detecting means in the foregoing respective embodiments, the 
present invention is not limited to the specific example, but any means may be uses so long as it has a position detecting 
function. 

Further, with respect to detailed parts of other structures, the structures may be suitablymodified, as amatter of 
course. 

As has been explained in the foregoing, since the external resonator type variable-wavelength LD light source of 
the invention can be operated with a constant optical output, can change the LD driving current, and can previously 
measure the change of the oscillation wavelength caused by the change of the LD driving current, the change of the 
oscillation wavelength caused by the change of the temperature of the entire light source unit, and the difference 
between the set and actual wavelengths caused by mechanical factors, and can store them in the form of corrected 
values to correspondingly correct the set wavelength even when the LD driving current or operational temperature 
varies, the light source can ensure a wavelength reproducibility of 0.001 nm, can vary the wavelength continuously 
and can make its costs low and its size small 

According to the external resonator type variable-wavelength LD light source having an oscillation wavelength 
change compensation member which controls the ATC circuit under control of the controller to thereby change the 
temperature of the LD unit and to compensate the change of the oscillation wavelength of the variable-wavelength LD 
light source unit, the external resonator type variable-wavelength LD light source can compensate errors of the change 
in the oscillation wavelength caused by the change in the LD driving current, the change in the oscillation wavelength 
caused by the change in the temperature of the entire light source unit, and a difference between the set and actual 
wavelengths caused by mechanical factors to thereby ensure a wavelength reproducibility of, e.g., 0.001 nm even 
wh n the LD driving current or operational temperature varies, can vary the wavelength continuously, and can make 
its costs low and its size small. 

According to the external resonator type variable-wavelength LD light source having an oscillation wavelength 
change compensation member which controls driving of the motor under control of a controller to thereby move the 
parall I moving mechanism finely and to compensate the change of the oscillation wavelength of the variable-wave- 
length LD light source unit, the external resonator type variable-wavelength LD light source can compensate errors of 
the change in the oscillation wavelength caused by the change in the LD driving current, the change in the oscillation 
wavelength caused by the change in the temperature of the entire light source unit, a difference between the set and 
actual wavelengths caused by mechanical factors, can ensure a wavelength reproducibility of 0.001 nm even when 
the LD driving current or operational temperature varies, can vary the wavelength continuously, and can make its costs 
low and its size small. 

According to the external resonator type variable-wavelength LD light source which further comprises the PZT for 
finely moving the parallel moving mechanism by driving the motor, and in that the oscillation wavelength change com- 
pensation member controls driving of the motor under control of the controller to drive the PZT and to move the parallel 
moving mechanism finely to thereby correct the change of the oscillation wavelength of the variable-wavelength LD 
light source unit, the external resonator type variable-wavelength LD light source can compensate, errors of the change 
in the oscillation wavelength caused by the change in the LD driving current, the change in the oscillation wavelength 
caused by the change in the temperature of the entire light source unit, a difference between the set and actual wave- 
lengths caused by mechanical factors, can ensure a wavelength reproducibility of 0.001 nm even when the LD driving 
current or operational temperature varies : can vary the wavelength continuously, and can make its costs low and its 
size small. 



Claims 

1. An external resonator type variable-wavelength semiconductor laser light source comprising: 

a light source unit temperature detection member for detecting a temperature of an entire semiconductor laser 
light source unit; 

a storage unit for storing therein oscillation wavelength changes of the semiconductor laser light source unit 
on the basis of a change in a driving current to the semiconductor laser, of a change in the temperature of the 
ntir semiconductor laser light sourc unit det ct d by the light source unit t mperature detection m mb r, 
and of a chang in an ncoder output valu m asur d by an encoder; and 

a wavelength change compensation m mb r for compensating a chang of the oscillation wavelength of the 
semiconductor laser light source unit on the basis of the oscillation wavelength chang s stored in the storage 
unit. 
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An external resonator type variable-wavelength semiconductor laser light source comprising: 

a semiconductor laser unit including a semiconductor laser having a non-reflection film applied on its one end 
face, a temperature detecting element for measuring a temperature ol the semiconductor laser and a Peltier 
element for changing the temperature of the semiconductor laser; 

a diffraction grating for forming a resonator together with the other end face of the semiconductor laser of the 
semiconductor laser unit having the non -reflection film not applied thereon; 

a sine bar mechanism having the diffraction grating mounted thereto for changing an incident angle of light 
emitted from the semiconductor laser to the diffraction grating; 

a parallel moving mechanism having the semiconductor laser unit mounted thereon and provided as contacted 
with the sine bar; 

a driver unit having a motor for finely driving the parallel moving mechanism and an encoder for measuring 
rotation of the motor; 

a position detecting member for detecting a position of the parallel moving mechanism; 

a temperature adjustment circuit for controlling a temperature of the semiconductor laser unit; and 

a semiconductor laser driving circuit for driving the semiconductor laser; 

a light source unit temperature detection member for detecting a temperature of an entire light source unit, 
the light source unit including the semiconductor laser unit, diffraction grating, sine bar mechanism, parallel 
moving mechanism, driver unit, and position detecting member; 

a slorage unit for storing therein oscillation wavelength changes of the semiconductor laser light source unit 
on the basis of a change in a driving current to the semiconductor laser, of a change in the temperature of the 
entire semiconductor laser light source unit detected by the light source unit temperature detection member, 
and of a change in an encoder output value measured by an encoder; and 

a wavelength change compensation member for compensating a change of the oscillation wavelength of the 
semiconductor laser light source unit on the basis of the oscillation wavelength changes stored in the storage 
unit. 

An external resonator type variable-wavelength semiconductor laser light source as set forth in claim 2, wherein 
the oscillation wavelength change compensation member controls the temperature adjustment circuit under control 
of a controller to thereby change the temperature of the semiconductor laser unit. 

An external resonator type variable-wavelength semiconductor laser light source as set forth in claim 2, wherein 
the oscillation wavelength change compensation member controls driving of the motor under control of a controller 
to thereby move the parallel moving mechanism finely. 

An external resonator type variable-wavelength semiconductor laser light source as set forth in claim 2, further 
comprising a piezoelement for finelymoving the parallel moving mechanism by driving the motor, and in that the 
oscillation wavelength change compensation member controls driving of the motor under control of a controller to 
drive the piezo element and to move the parallel moving mechanism finely. 
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FIG. 5 
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